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Abstract 

It is shown that the phase of cpco interference in the reaction e'^e~ -^ tt^tt~tt^ 
^Z? . at energies close to the (^(1020) peak can be calculated in a way that is 

C^ \ practically independent of the model of (j)uj mixing. The magnitude of the 

^N ■ presently measured interference phase, still of poor accuracy, is in agreement 

\^ • with the predictions based on extending the lo{782) resonance tail from the 

^D ■ peak position to the cj) mass upon assuming the u; ^ /97r ^ Svr model. The 

calculated uj width at the 6 mass is about 200 MeV. 
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I. INTRODUCTION 



Recent measurements of the e^e^ -^ tt+tt^tt*^ reaction cross section at energies in the 
vicinity of the 0(1020) resonance reached by the CMD-2 team in Novosibirsk have revealed 
the (pu interference phase X(/><^ = 162° ±17° |]T|, provided the phases of the complex propa- 
gators of and uj mesons are properly included: 
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ml- s- iy/sT^ 
Aexp{ix<t>uj 



+— \'— , , ; (1.1) 

A being a real positive number, and Abg denoting the contribution of the nonresonant 
background. Hereafter s is the total center-of-mass energy squared. The accuracy of the 
measurements is expected to be drastically improved by the Novosibirsk SND and CMD-2 
teams at the VEPP-2M facility, not to mention the DA$NE machine, with its huge number 
of expected mesons. The measured phase is still consistent (within la) with the canonical 
value of 180° predicted in approaches based on the flavor SU(3) and the simplest quark 
model with real coupling constants 0. The canonical phase explains correctly the location 
of the 0a; interference minimum in the energy behavior of the e~^e~ — »• 7r"'"7r~7r° reaction 
cross section above the mass, as observed in experiment |]T],0]. However, the deviation of 
the central value of the measured x<j>uj from 180° points, possibly, to some dynamical source. 
The aim of the present work is to reveal the latter. To this end we will demonstrate that x<j>u} 
can be calculated in a way that is practically independent of the specific model of (pu mixing. 
As will become clear, this is due to the compensation between the pvr state contribution to 
the (puj mixing amplitude, and the direct transition. The deviation of x<I)lu from 180° will be 
shown to be explained mainly by the finite width effects. The precise measurement of this 
phase could offer the firm ground for the extension of the u excitation curve to the energies 
up to the mass. 

Below, in sec. 0, the basic models of the decay — > pvr are outlined. Section ^ is 
devoted to the discussion of the unitarity corrections to the coupling constants and the 
(pu mixing amplitude. The (pu interference phase x^uj is calculated in sec. |IV|. Section |V| 
contains conclusion drawn from the work. 

II. BASIC SOURCES OF THE ^ pvr DECAY 

All the necessary theoretical background for analyzing the (pu interference pattern in the 
cross section of the reaction e~^e~ -^ 7r"'"7r~7r° was developed earlier 0-^], so one may find 
the details in these papers. The problem of to what extent the Ci;(782) and 0(1020) mesons 
are ideally mixed states. 



cu(°) = (uu 



+ dd)/V2, 



cj)^"^^ = ss, (2.1) 

is as old as these mesons themselves 0. The fact is that the decay (p ^ pn ^ tt+tt^tt^ 
which violates the Okubo-Zweig-Iizuka (OZI) rule |0-0 is usually considered as evidence in 
favor of an admixture of the nonstrange quarks in the wave function of meson: 



0(1020) = SS + e^^{s){uu + dd)/V2, (2.2) 

where the (pu mixing ainphtude is described by the complex mixing parameter e^uj{s) de- 
pendent on energy, |£(/,a;(s)| <^ 1. It can be expressed through the nondiagonal polarization 
operator U^^ according to the relation 



where 



.(0) 



AMUs) = AmZ' - ^V~s T':\s) - rW(.) , (2.4) 



and Am^j = m^ — m^^'^. Hereafter rriy , Ty are, respectively, the mass and width of 
the ideally mixed states in Eq. (pTTp, and all quantities with the superscript (0) refer to 
these states. Below we will call this mechanism the model of strong (puj mixing. In QCD, 
the real part of the mixing operator Rell^^ arises qualitatively either via the perturbative 
three-gluon intermediate state shown in Fig. ^(a) [|l3;Ol '^^ ^^^ nonperturbative effects fl^ 



diagrammatically shown in Fig. 0(b). Quantitatively, the contribution of Fig. ^(a) is small 
and of the wrong sign [^jO] while the calculations of e(f,:^{m^) according to Fig. |l|(b) |T^ 
can be considered as order-by- magnitude estimates at best. The one photon contribution 
to Rell^i^ is by two orders of magnitude smaller than the value necessary to explain the 
Svr branching ratio of the 0. The non-one-photon contribution to Rell^^ is assumed to be 
independent on energy. As it was pointed out in Ref. [Q, this assumption does not contradict 
the data. 

An alternative to the conventional (j)iu mixing is the direct decay, Reg^^^ ^ 0, Ren,^^^ = 
diagrammatically shown in Fig. |l](c). It is essentially the famous Appelquist-Politzer 
mechanism |T^ of the OZI rule violation in the decays of heavy quarkonia into the light 
hadrons, extrapolated to the mass region. As is shown in 0, the direct decay can be 
considered as a viable contribution to the ^ pvr amplitude [|T5|. An order-of-magnitude 



estimate of Ret^ij^ is in agreement with the value extracted from the ^ Stt branching 
ratio. This model will be called the model of weak 0u; mixing. Intermediate variants are 
possible, of course. 



III. UNITARITY CORRECTIONS TO COUPLINGS AND 0lj MIXING 

AMPLITUDE 

Contrary to Ileg\!^ and Rell^^, which are in fact unknown, their imaginary counter- 
parts can be evaluated reliably via the unitarity relation. The dominant contributions to 
2liag\Js come from the diagrams shown in Fig. 0. The sum of the first two diagrams. 



upon extending the results of works |15| , p!6[| to include the form factor of the ir exchange, 
exp(-A^|t-m2|), is 
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X \ {(ItQlYw / dx — ■ 

[ j-i a + x 

X [exp 2(-A^)gig/|a + x] - 1] 
+$o(s,m^/i2)}, 



(3.1) 



where vp means the principal value and m and /i are, respectively, the invariant masses of 



the final and intermediate p meson whose propagator is Dp{ij,^ 



m 



and 



p-p -ipT{p^mT,p), 
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The notations in the above expressions are 



2a + (1 - a^) In 



a + 1 
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where 



a = {fi^/2- EiEf)/qiqf, 

b = m{Ei + Ef- Ep)/2q^^qf, 



Qi = 9(v^,"i7r,/i), Ei = E{^s,m^,p), 

Qf = QiVs, m^, m), Ef = E{^fs, m^, m) 

q-KTT = q{m,m^,mn), Ep = E{^/s,(x,m^), 



(3.2) 
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and 



E[M,mi,m2 
q{M,mi,m2 



{M^ + ml-ml)/2M, 



)-{ 



M^ - (mi + ma) 



X 



M' 



1/2 



(mi -ma)^]} /2M 
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are the expressions for energy and momentum, respectively. The decay kinematics of the 
first two diagrams in Fig. ^(a) result in a very slow variation of their contribution with 
the change of A^^. This is because the vrvr cutting contributes considerably and it does not 
depend on A^ 



Numerically, one obtains $p^(m^,m^) = 0.44, 
respectively. The slight increase with A^r is due 



(see the details in [0,|l| 
0.45, 0.47, 0.49 at A^ =0, 1, 2, 4 GeV- 
to the fact that the first two diagrams in Fig. ^(a) are opposite in sign at ^/s < 1.1 GeV. 
The third diagram in Fig. ^(a), at ^/s = m^, amounts to —3.4 x 10^^, provided the slope of 
the p exchange is \p = 2GeV^^. The latter value is chosen from the demand that the phase 
of the TTTT scattering at this energy range is given by the phase of the p propagator with an 
accuracy of about 10%. Hence, its contribution can be neglected in comparison with $^7^- 
The contribution of the diagrams in Fig. ^(b) come from the KK intermediate states with 
the K* exchange. In the case of meson it can be written as 



{KK)f 2\ 



pp-K 



9<pKK^KKis,m^ 



(3.5) 



where 



$^x(s,m ) = gR'+K+nOgR'+K+pO 



S-Ky/sqpT, J -I ttKK + X 

xeic£,[2\K*qKK<lpA0'KK + x)]- (3-6) 

Here a^R = {i^k - ^k* + ^'^)/'^<lKK<lfm^ Qkk = q{y/s,mK,mK), and q^^ = q{y/s,m,m^). 
The KK intermediate state contribution to (^ajpTr is written in a similar way, with the SU(3) 
relation 

9ujKK = -94>kkI^ (3.7) 

being taken into account. Note also that SU(3) predicts gK'+K+pO = Qluptt/'^ and fixes the 
relative signs of bare coupling constants in the VPP and VVP vertices. Numerically, the 
effect of ^KK 7^ is negligible for oj meson because g[^p^\rn?^,m?^/ g^^p^,] ~ 3 x 10~^. In 
the case of meson, at first sight this effect being expressed as the phase of the coupling 
constant g^pT, is proportional to (/^^^ yi^\i "^1) / g<i}p-K and seems to be enhanced by the factor 
of guip-w/ g<j)p-K — 18. Yet even in this case the contribution of the KK intermediate state is 
smaller, at v^i = 1020 (1050) MeV, than 6% (18%) of the magnitude of the 0p7r effective 
coupling constant. These estimates are obtained at Xk* = GeV~^ and m = nip. A more 
realistic \k* = 1 GeV~^, together with the fact that it is the averaging of ^xRis^m'^) over 
vrvr mass spectrum that enters into the expression for the 0a; interference phase [see Eq. ( |4.3| ) 
below] , both result in dividing the above estimates by the factor of two. In the meantime, 
the dominant effect of <I>p,r 7^ is relatively large; one should take into account the entire 
chain of rescatterings in the diagrams of Fig. |^(a). This can be made in a manner resembling 
the solution of the Dyson-like equation for the vertex function. Taking the above remarks 
into account, the coupling constants of and u with pre can be written as 



,2^ 



^(%(s,m2) ^ Re^(%/ [1 - i<^p^{s,m 
afpAs.m') ^ Regf^J [1 - i^p^{s,m'] 



+^9t:\^^^n■ (3.8) 

Of course, Re^f^^A should be determined from the partial width of the decay 0(ci;) — »• 



tt+tt^tt'^ on the 0(0^) mass shell. As is evident from Eq. ( |3.8| ), the most essential contribution 
to the imaginary parts of coupling constants coming from the pyr intermediate state cancels 
from their ratio. However, a nonzero ^p.,^ enters the expression for the 37r decay width of uj 



and mesons |15,16 



rw(0)37r(s 

where the phase space factor for the decay is 

1 r^—m. 
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^^&)p.~Wis)/An, (3.9) 



W{s) = — / dmm^T 



'''pUm')q%{ 



/ dx{l — x^ 
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\Dp{ml)Z{mX) \Dp{ml)Z{ml 
In the above equation, the invariant squared masses of the charged p mesons are 



m 



± 



(s + 3m^ 



m 



)/2 ± 2xqp^q^^^/s/m, 



(3.10) 



(3.11) 



with Qp^ = g(yi, m, rTT-Tr), q^Tr = q{'m,mT,,mT,) evaluated via Eq. ( |3.4| ), and Z(m^) = 1 — 
i$p7r(s,'m^). The effect of ^kk t^ on the (p —>■ Sn partial width is negligible. 

The dominant contributions to Imll,^^ come from the real KK and pre intermediate 

states, 



imn. 



iXQCjujpTT 



rt<j37r(s) — 



(l)KK\ 



V2 



(3.12) 



where 



^<f>KKVV 



Sits 



(3.13) 



is the KK partial width of the (p. To gain an impression of the role of these contributions to 
linll^i^{s), we evaluate them at ^/s = m^. The tx^tx~t[^ intermediate state contribution is, at 
most, ~ 0.015 GeV^ in the model of weak (poj mixing and vanishes in the model of strong (j)uj 
mixing. The contribution of the KK intermediate state amounts to ~ 3 x 10"'^ GeV^. Note 
that the difference between the considered models of the mixing in their predicitions for this 
intermediate state is far below the accuracy (see below) of the SU(3) relation ( p.7|) necessary 
to obtain the numbers given above. Here we set this accuracy to be, conservatively, 20%. 
The radiative 7r°7 and 777 intermediate states do not exceed, respectively, 4% and 2% of 
the KK intermediate state. These figures are far below the accuracy of SU(3) symmetry 
necessary to relate the couplings of the and ui to KK. Hence, the radiative intermediate 
states can be neglected |1T7[| . 

Note, for the sake of completeness, that although the effects of $p7r 7^ are important for 
the ujp interference pattern in the vr+vr" mass spectrum [1^,1G], in the case of the calculation 
of the branching ratio of the decay to 37r they can be modeled, at given s, by inclusion of 
the form factor of the type 



Cp^{s) = [1 + {Rp^m^f]/{1 + R%s), 
so that the u ^ pn vertex should now include the substitution 



(3.14) 



^^9u}pn *■ ^(^duipn — ^ pK\S)9ujp-K- \6.lb) 

The effect of this substitution on the e"^e" -^ 37r cross section behavior was discussed in 
Ref. [|T5l. 



IV. EVALUATING THE 6uj INTERFERENCE PHASE 



The expression for the cross section of the reaction e'^e -^ tt+tt tt^ that incorporates 
the above features of the decay -^ tt+tt^tt^ can be written, near ^i = m,^, as 
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(4.1) 



where the equations 



g^u 



g^^l-e^^{s)g^^l, 
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9^4^) =9^4, +^^uji.s)g^^ 



,(0) 



9u^P^{.s) = Regll^is) - e^^{s)Regl;^ ~ Regl>^{s) 
(s) ~ 



yujpTv \ 



+^{9C\^)) 



(4.2) 



relate the couphng constants of physical states whose total widths are r0,^(s), with those 
ideally mixed. We omit here the contribution of heavier a;', u" resonances for the reason 
explained in the end of the section. In principle, they can be incorporated in a way presented 
in Ref. ^. In the above formula, {gfp!^\s)) = 94,KK{^Kk{s)), and 



($ 



KK 



s)) 



^Ts-m. 2m^Tp{m) ^ 

dm .^ , ^ ^ ^KK{s,m ) 
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'K\Dp{m? 



(4.3) 



is the averaging over the vrvr mass spectrum, which corresponds to some approximate way of 
taking into account the dependence of ^kk oii the invariant mass. Numerically, it reduces, 
at ^/s ~ m<^, to the diminishing of ^kk by 33% from its value at the p mass. Note that 
g^y = m}y / fy {V = uj , (J)) IS the 7 ^ V" transition amplitude, and fy enters the leptonic 
width of an unmixed state V^^^ as 



r(v(o) 



,(0)2 



Ana'^my 



(4.4) 



with a = 1/137 being the fine structure constant. If all coupling constants and the (pLO 
mixing parameter in Eq. ( [4.1| ) were real, the phase of the (pu interference would be given by 
the sign of the ratio 



Ro{s) 



'pTT 



g^ujis)Reg^pj,{s) 



(4.5) 



In the meantime, the location of the (pu interference minimum in the energy behavior of the 



e'^e -^ TT+TT 7r° reaction cross section, 



,1/2 



ml + Ro{ml)ml 



1/2 



(4.6) 



is experimentally determined to be at sj^-^^ = 1.05 GeV [|T],|1. This corresponds to 
i?o = —0.13, hence the canonical phase 180°. However, the above discussion shows that 
considerable imaginary parts to both the coupling constants and mixing parameter arise via 
unitarity, due to the real intermediate states. As can be observed by comparing Eqs. ( |1.1| ) 
and (4J.) [see also Eq. (f4.2|) ], a sizable additional phase Ax^w comes from the phase of the 



combination of the coupling constants from Eq. 



r{s) 



Re^i 



^ujpn\ 



+ £dAs) +i 



Re^i;p7r(s) 



(4.7) 



The first two terms in the above equation, taken separately, are drastically different in 
magnitude in the models of strong and weak (puj mixing. This is because Reg^^^ [Ren0(^(s)] 
vanishes in the former [latter] model. However, this dramatic difference cancels almost 
completely from the sum in Eq. ( |4.7] ) that determines the measured quantity. Indeed, one 
obtains, upon using Eqs. (|2.3|) and ([4.2|), that 



r(s) 



Re^J,°t 



.{9rJ\s)) 




Amf^^Regj^/lnis 



(4.8) 



and AM|^(s) is given by Eq. (^.41). Since the dominant Svr decay mode of the u is cancelled 
from the expression in the square parentheses of the last line of the above equation, and the 
combination of remaining KK and radiative decay widths appear to be multiplied by the 
factor Reg^p^/Reg^^^{s), which is either small, ~ 1/17, as it takes place in the model of weak 
(put mixing, or even vanishing, as it does in the model of strong (pu mixing, the last term in 
curly brackets can be safely neglected. As a result, the following simplified expression for 
valid r with a good accuracy can be written as 



rls) 









Reg^pn{s) 



ReH0^(g) 



+i 



Vs'rct>KK{s) 
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(j)UJ 



+ i 
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Re^<l.p7r(s) 
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With the accuracy of about 5%, the masses and widths of ideally mixed states are replaced 
hereafter with those of the physical states. Note that the combination 
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g{s) = RegZ/Re~g^:^Us) - Relics)/ Am' 



(4.10) 



standing in the right hand side of Eq. ([4.9| ) determines the branching ratio of the (p decay 
into Stt. Hence, its magnitude coincides in both models of (puj mixing mentioned earher. 
One can obtain from the Stt branching ratios of the uj and (f) at their respective mass shells 
that 



\9{ml)\ 



-1/ 2> 
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0.06. 



(4.11) 



When obtaining this number, the dynamical phase space factors Vr(m^) = 4.5 x 10^"^ GeV^ 
and W{m'^) = 1.3 x 10^^ GeV^, evaluated from Eq. ( p.lO|) under the assumption of no 
rescattering correction [Z(m^) = 1, etc.], are used and we set RpT, = GeV^^ here. Keeping 
£4,uj{s) 7^ in the transition amplitude g-ycp^s) gives the phase shift 5X(t>ui = 1-4°, which 
is below the accuracy of calculation. Hence, the calculation of x<^<^ is practically model 
independent. 

First, let us give rough estimates of the phase deviation at the mass. They are obtained 
upon neglecting the unitarity corrections to the coupling constants of u and mesons. Then 
one can obtain the above deviation as 



AXct>u 



tan 



-1 



tan" 



V2g{ml)Aml^ 
^m^[r^(m|) • 



TJml] 



A^lu. 
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The first term in Eq. ([4.1 2|) gives 6° ± 1° to Ax^^ and the uncertainty is solely due to the 
20% uncertainty of the SU(3) predictions for the vector meson couplings to KK. We obtain 
these values upon inserting the Particle Data Group entries [1^ for masses, total widths, 
and branching ratios, together with the numerical value of the combination ( [4.11|) . The sign 
of the latter (positive) is fixed in accord with the position of the (pu interference minimum 
in the e~^e~ —>■ n'^ir'n^ reaction cross section located on the right from the peak [Q]. The 
contribution of the second term is opposite in sign to the first one and is strongly dependent 
on the uj width at the mass, T^{m^). Varying Rp^, in Eq. ( |3.14|) from to 1 GeV^^, 
which corresponds to the variation of the u width from 200 to 120 MeV, gives the second 
contribution varying from —26° to —13°. Larger values of Rp^^ would destroy the description 
of the data on the cross section of the reaction e~^e~ -^ 7r"'"7r~7r*^ at the energies above the 

O.SlgJ GeV-^ 

The uncertainties 



0(1020) mass. In fact, our previous fits [|T9| gave Rp^, 

The results of more accurate numerical evaluations are as follows, 
of the calculations come from the poor knowledge of the slopes of the form factors that 
enter the unitarity relations. If one includes the pir rescattering effects, $^7^ 7^ 0, in the 
consideration, the variation of Ayr in the range from to 4 GeV~^ results in a small, 0.5° 
variation of the phase Xtpuj- The variation of Xk* in the same range results in the phase 
variation at about 2°. If one includes the 20% uncertainty of the flavor SU(3) predictions 
in ImH0^(s), the total uncertainty amounts to ±3°. This figure is far below the current 
accuracy of the data, Ax^^ = ±17°, and is comparable with the accuracy expected in the 



future. The calculated phase depends on the form factor ( p.l4|) that restricts the growth 



of the Lo width with an energy increase. Taking into account the above uncertainty, we 
find X0a; = 165° ± 3° at Rp^ = GeV"^ and x^c. = 172° ± 3° at Rp^ = 1 GeV-^ The 
present accuracy of the x</kj measurement still admits very large bounds for Rp^,, but the 
future goal of the ±10° accuracy of the phase determination will permit one to put the 
restriction i?p^ ^ 2 GeV^^ with the perspective to give the reliable value of this parameter 
upon further improvement of the accuracy. Second, if one does not take into account the pn 
rescattering effect in the Sir decay width then, including the uncertainties pointed out above, 
one obtains x<^co = 162° ± 4° at Rp^ = GeV-\ and x^c. = 170° ± 4° at Rp^ = 1 GeV-^ 
Unfortunately, the difference between the predictions of the strong and weak (puj mixing 
models for x<^^ at the mass 0.6° is too small to be measured. However, the two mixing 
models can be distinguished by their predictions for the e~^e~ -^ 7r"'"7r~7r° reaction cross 
section at energies near the (pu interference minimum P|. This is due to the influence of 
the KK intermediate state on imaginary parts of the coupling constants and the mixing 
parameter which is strongly energy dependent. At the mass, its contribution is within the 
uncertainties of the calculation, but it grows upon the energy increase, so that at energies 
near the interference minimum, an additional phase due to this intermediate state could be 
observed |^. Of course, the study of the energy behavior of x^u illustrated by the curve in 
Fig. ^ would be of interest. 

As far as the contribution of heavier uj', uj" resonances is concerned, we neglect it here. At 
the present time, this is justifiable. Indeed, the data |l|] give (Xbg = 0.32±0.22 nb for the cross 
section corresponding to the amplitude Abg in Eq. ( p..l|) and the to'(782) tail contribution at 
the mass is ~ 3 nb. On the other hand, there are estimates |]19[ of the u', u" resonance 
parameters which imply the contribution to the 37r cross section a^T^luj' + u") ~ 0.3 nb 
at the mass compatible with the background cxbg from [|T|. The a; (782) tail at the same 
energy is estimated to be ~ 3 nb. Because the data on which the work ||l9l is based are 
rather contradictory, it would be misleading now to include the contribution of heavier 
resonances, whose parameters are extracted from these imperfect data. Of course, the 
upcoming improvement of the u', u" resonance parameters will by no means invalidate the 
present calculation of the interference phase because their contributions can be properly 
taken into account in a manner similar to Eq ( |1 . 1|) . 

V. CONCLUSION 

Upon isolating possible contributions to the (pu interference phase x^oj in the reaction 
e~^e~ — > 7r+7r~7r'', we point to the imaginary part of the 0a; mixing parameter arising mainly 
due to the pn state as responsible for the deviation of X4>u} from 180° observed in the experi- 
ment Ijl]]. The uncovered source of the deviation of Xct>iu from the naively expected phase 180° 
is far from being trivial. The fact is that the tails of resonances are often treated as some 
substitution to unknown background. The value of information about the (pu interference 
phase obtained in |1[], still to be supported by further precise measurements, is that it give 
the evidence in favor of applicability of usual field theoretical methods to such complicated 
objects as hadronic resonances. The confirmation of the observed [|I| deviation of the phase 
would mean that the tail of the u is essential at the mass, which is as distant from the u 
as 28 widths of the latter. It can hardly be represented by the normally used nonresonant 
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background. Further evidence in favor of this view could be provided by the measurements 
of the energy dependence of the (j)uj interference phase as illustrated in Fig. |^. Except for 
the behavior of x<i>ui-, the accurate measurements of the tt^tt~tt^ cross section in between the 
uj and peaks are necessary. They could help in an unambigous answer to the question of 
the magnitude of Rp-,, [Eq. ( |3.14| )], because the cross section evaluated with RpT, = 1 GeV~^ 
is lower than that evaluated with Rp^ = GeV^^ by 20% (28%) at ^i = 900 MeV (950 
MeV), and confirm a negligible role of heavier uj',uj" ■ ■ ■ resonances at ^/s ^ m^. 
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FIGURES 




(a) 




(b) 




FIG. 1. Possible mechanisms of the decay 0(1020) -^ p{770)tt. (a) The (/)uj mixing caused by 
the three-gluon mechanism, (b) The 0a; mixing due to the nonperturbative QCD effects. Shaded 
regions denote the quark condensates, (c) The three-gluon mechanism of the direct transition 
4> ^ p-K. Gluon is denoted by g. 
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FIG. 2. The contributions to 21va.g\,^^ from the pvr intermediate state (a) and the KK 
intermediate state (b). 
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FIG. 3. Energy behavior of the (pu; interference phase in the case of no rescattering correc- 
tion to the Svr decay width, calculated at Xk* = 1 GeV~ . The splitting of each curve at 
Vs > 2mK = 0.992 GeV illustrates the opening of the KK channel in the (j)pTT coupling (see 
text for explanation). The lower curve in each pair corresponds to the latter being taken into 
account. 
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